Aims the limited water supply in the Mediterranean Basin will be exacerbated in the immediate future as result of severe drought events. thus, the study of the intraspecific variability in functional traits of plant species is important, because such variability modulates species' responses. Here, we aimed to analyse the variability in plasticity of physiological and structural traits of Arbutus unedo L. in response to water availability and to determine whether the levels of phenotypic plasticity varied in plants of different provenances.
INtRODUctION
The Mediterranean Basin has been designated for priority conservation because it is one of the 25 world's biodiversity hotspots, harbouring more than 25 000 plant species, 13 000 of which are endemic to this region (Myers et al. 2000) . The Mediterranean climate is characterized by a rather wet and mild winter and a dry and warm to hot summer, with high solar intensity due to cloudless skies and low humidity, and with at least 65% of annual rainfall falling in the winter (Aschmann 1973) . The summer conditions create very high evapotranspiration rates that impose severe restrictions for plant water availability. Such conditions are predicted to become more extreme in the immediate future, as the Mediterranean Basin will be more affected than other areas by reduced precipitation, rising air temperatures and increased intensity and frequency of severe drought events (Giorgi and Lionello 2008; IPCC 2013; Petit et al. 2005) . Thus, areas subject to heatwaves and prolonged drought, where even sclerophyllous species suffer severe photoinhibition and photosynthetic limitations, will increase (Bussotti et al. 2014) . Furthermore, human-induced land degradation and desertification will also intensify in the Mediterranean area, thus, exacerbating the consequences of the water deficit (Díaz-Delgado et al. 2002; Pausas et al. 2008) .
Water availability, together with high temperatures and radiation, is one of the most important environmental constraints for plant recruitment, growth and persistence in Mediterranean ecosystems, especially at early growth stages when the small root system of juvenile plants makes them highly vulnerable to water deficits (Chaves et al. 2003; Pigott and Pigott 1993) . Thus, the study of the impact of drought in a key ecosystem such as the Mediterranean deserves great attention (Baraldi et al. 2008; Manes et al. 2006; Quero et al. 2006; Werner et al. 1999) .
Many traits that configure the strategies for plant adaptation to drought are constitutive rather than induced by stress (Chaves et al. 2003) . To face water stress, plants can follow three main strategies: drought evasion (the highest biological activity does not coincide with the water-deficit period), desiccation tolerance (the plant resists water deficit) and desiccation avoidance (plant tissues prevent or minimize water stress by maximizing water capture or minimizing water loss) (Larcher 2003) . Physiological mechanisms are critical components in the strategies of response to water stress. Modulation of gas exchange and stomatal conductance as well as a conservative resource-use strategy enable achievement of an adequate water balance (Manes et al. 2006; Quero et al. 2006) . The ability to dissipate excess radiation through the xanthophyll cycle, which prevents damage to photosynthetic machinery, is an example of an efficient mechanism for plant resistance to drought (Baraldi et al. 2008; Bilger and Björkman 1990; Chaves et al. 2003; Demmig-Adams and Adams 1996; Niyogi et al. 1998; Thenot et al. 2002) . On the other hand, structural traits such as biomass allocation, which determines how plants capture resources, or the type of leaves (the leaves of evergreen plants are more costly than those of deciduous plants, but this cost can be repaid by increased longevity) are also crucial determinants of the strategies of responses to water stress (Ludlow 1989; Poorter et al. 2012; Werner et al. 1999) . Nevertheless, the relative role that each type of trait plays depends on the species and conditions. Thus, several studies have shown that the phenotypic plasticity of physiological traits is higher than that of structural traits in response to drought (Gratani et al. 2003; Quero et al. 2006; Zunzunegui et al. 2009 ). However, other studies have indicated that structural mechanisms, focused on minimizing the demand (such as increased root mass fraction), may play a more important role than physiological adaptations (Aranda et al. 2005; Sack et al. 2003) .
The adaptive response of plants mainly occurs via genetic evolution (evolutionary adaptation) (Hoffmann and Sgrò 2011; Ramírez-Valiente et al. 2011) or via phenotypic plasticity (Callaway et al. 2003; Lande 2009; Williams et al. 2008) . Thus, evolutionary adaptation may be rapid and help the species to respond to environmental changes (Hoffmann and Sgrò 2011) . However, simulation models show that evolutionary adaptation by itself may not be sufficient to warrant the survival of species during periods of continuous changes (Atkins and Travis 2010) . On the other hand, phenotypic plasticity, which allows a genotype to exhibit different phenotypes under different environmental conditions, is a very useful strategy, especially for sessile organisms (Sultan 2000) . Furthermore, by increasing physiological tolerance, phenotypic plasticity allows species to buffer environmental change, thus preventing area loss and reducing extinction probabilities (Callaway et al. 2003; Lande 2009; Hansen et al. 2012; Matesanz et al. 2010) . Moreover, plasticity allows plants to improve their fitness without losing genetic variability (Matesanz et al. 2010) , which enables posterior genetic evolution (Lande 2009 ). Both processes may be complementary and act together to increase survival under the current rapid global changes (Hoffmann and Sgrò 2011; Matesanz and Valladares 2014) . Thus, it has been demonstrated that plasticity may be adaptive, promoting the establishment and persistence in new environments (Ghalambor et al. 2007) . Particularly in situations of drought, it has been observed that plasticity prevails over evolutionary adaptation (Gimeno et al. 2009; Nicotra et al. 2007) , even blurring ecotypic divergence (Baquedano et al. 2008) . However, it has been demonstrated that in some situations, evolutionary adaptation and phenotypic plasticity operate together (Ramírez-Valiente et al. 2010) , being the plasticity a trait under selection (Xinjia et al. 2014) . Furthermore, beyond plasticity and evolutionary adaptation, some studies have reported that different conditions do not produce phenotypic differentiation, which can be attributed to the existence of canalization (Lamy et al. 2011; Quero et al. 2008; Valladares et al. 2002) . Therefore, it seems logical to focus on phenotypic plasticity when studying plant responses to water stress, while bearing in mind the possible existence of genetic adaptation and/or a possible role of canalization.
Some studies have demonstrated that patterns of plasticity in structural and physiological traits may be complementary and, thus, negatively correlated (Derner and Briske, 1999) , given as a result of different adaptive strategies, a short-term response (varying physiology) or a long-term response (varying structural traits). Likewise, the response to water stress also vary between species, provenances or sites (Nicotra et al. 2007; Sánchez-Gómez et al. 2008; Zunzunegui et al. 2011) . Thus, populations from warm sites may benefit more from wet conditions than populations from cool sites (Ramírez-Valiente et al. 2010) . Consequently, changes in the length and intensity of drought events may favour one species or provenance to the detriment of another, which can lead to changes in community structure and the distribution of the species (Lázaro-Nogal et al. 2013) . Therefore, the study of species with a broad range of distribution across different climate condition, such as Arbutus unedo L. (strawberry tree; Atlanto-Mediterranean distribution), will enable researchers to determine whether different provenances respond differently to water stress and whether this affects the evolution of their distribution. In fact, the contrasting conditions in Mediterranean areas (severe and prolonged summer drought stress) and Atlantic areas (less frequent and mild droughts throughout the year) have induced ecological differentiation among provenances in other species (De la Mata et al. 2014 ).
So far, many studies have evaluated physiological and morphological strategies of drought adaptation in a single provenance of A. unedo (Gratani and Ghia 2002; Gratani and Varone 2004; Munné-Bosch and Peñuelas 2004; Ogaya et al. 2003; Thenot et al. 2002) ; however, no studies have compared the drought response of provenances throughout the whole distribution range, which is crucial to predict the possible evolution of the species. Here, we considered seven provenances covering the whole distribution range of the species.
In this study, we used the phenotypic plasticity index (PPI) (Valladares et al. 2000) , a robust simple index that is widely used to determine the plastic response to water stress (Catoni et al. 2012; Gratani et al. 2003; Quero et al. 2006; Sánchez-Coronado et al. 2007; Zunzunegui et al. 2009 Zunzunegui et al. , 2011 . Our objectives were: (i) to analyse the variability in the response to water availability in a set of physiological and structural plant traits, in order to determine whether the strategy of the species focus in the short-term (physiology) or long-term (structural) response and (ii) to determine whether the levels of phenotypic plasticity differ in A. unedo plants of different provenances, which is expected, given their contrasted climatic conditions. Plasticity will be key to the survival of the species under the anticipated changes in water availability (Hoffmann and Sgrò 2011; Matesanz and Valladares 2014) .
MAtERIALS AND MEtHODS

The species
Arbutus unedo is a species belonging to the family Ericaceae, subfamily Arbutoideae, which includes evergreen, shrublike woody taxa with sclerophyllous, laurel-like leaves (Torres et al. 2002) . The genus Arbutus has several members in USA and four in Europe: Arbutus andrachne L. (eastern Mediterranean), Arbutus pavarii Pampanini (Libyan coast), Arbutus canariensis Veill. (Canary Islands) and A. unedo L. The distribution of this last species is limited by the 4°C isotherm for the mean temperature of January (Retuerto and Carballeira 2004; Sealy 1949) . It shows a predominant circum-Mediterranean distribution ranging from Morocco to Tunisia and from Spain to Turkey but also inhabits the Atlantic coast from Morocco to Ireland (Cox and Moore 2005; Sealy 1949; Torres et al. 2002;  Fig. 1 ), where its presence is especially intriguing due to the colder and wetter climate than the Mediterranean sites. Flowering spans from September to December and fecundation is entomophilous (Mitchell 1993) . Although self-pollination can also happen (Sealy 1949) , genetic evidences indicate its minor role (Santiso et al. 2016) . The fruits take 12 months to ripen and seeds are dispersed by animals (mainly birds), although seed passage through the digestive system of animals does not appear to affect seed germination (Narbona et al. 2003) . Seed viability was reported to be about 55% in favourable places, while seedlings loss was found to exceed 60% (Sealy 1949) .
Sample collection and experimental conditions
Between September and December 2010, we sampled seven populations of A. unedo in seven countries (Ireland, France, Portugal, Morocco, Tunisia, Italy and Turkey), which represent the entire distribution range of A. unedo L. (Fig.1) . At each site, we collected several fruits from each of 30 trees and stored the samples at 4°C. We later extracted the seeds and stored them in a dry atmosphere until germination. In the laboratory, we placed the seeds (homogeneous in size and appearance to minimize maternal effects) on filter paper wetted with double-distilled water, in Petri dishes. Immediately after the seeds germinated, we placed the seedlings in forestry trays each with fifteen 1 L cavities filled with a 3:1 mixture of potting compost and perlite (Tref Substrates BV, Moerdijk, The Netherlands). To reduce maternal effects, we kept the plants for 1 year, between March 2012 and March 2013, in a common environment (an outdoor plot at the University of Santiago de Compostela). In March 2013, we took 40 similarly sized and developed plants of each provenance, to ensure that the possible future differences must be the consequence of the experimental period and transferred them to 7 L pots containing the previously mentioned substrate. Twenty randomly selected plants per provenance were kept in controlled well-watered conditions (high water treatment, HW), by irrigating to field capacity every 2 days. The other 20 plants per provenance were kept under controlled water stress conditions (low water treatment, LW), by irrigating to field capacity every 10 days. The volumetric soil water contents in the pots were monitored with a moisture sensor (ML3 ThetaProbe Soil Moisture Sensor, Delta-T Devices, Cambridge, UK), to check the differences between treatments (mean ± SE, for LW = 6.06 ± 0.61, whereas for HW = 33.9 ± 0.84; one-way analysis of variance, ANOVA: F = 709, P < 0.001). The plants were kept under the experimental conditions for 4 months, until July 2013, before being harvested.
Physiological traits
The physiological traits were measured twice, on June and July 2013, as follows:
Leaf spectral reflectance
Leaf reflectance spectra, ranging from 300 to 1100 nm, were recorded on the adaxial side of one leaf per plant with a portable spectroradiometer (Unispec, PP Systems, Haverhill, MA, USA). Leaf reflectance was calculated by dividing the spectral radiance of the leaf by the radiance of a reflective white standard (Spectralon Reflectance Standard, Labsphere, North Sutton, NH, USA). Reflectance data were processed to calculate the following indices related to functional processes. The chlorophyll index (CHL), calculated as R 750 :R 550 (R n indicates reflectance at n nanometres), is very sensitive to changes in chlorophyll content (Lichtenthaler et al. 1996) . The photochemical reflectance index (PRI), determined as (R 531 − R 570 )/(R 570 + R 531 ), is associated with zeaxanthinantheraxanthin-violaxanthin interconversion and displays a functional relationship with the photosynthetic radiation use efficiency and the dissipation of excess radiation energy as heat (Peñuelas et al. 1995) .The normalized difference vegetation index (NDVI), computed as (R 900 − R 680 )/(R 900 + R 680 ), has been related to the 'greenness' or general vigour of vegetation due to its correlation with leaf chlorophyll content, foliar nitrogen, phosphorus and potassium contents Peñuelas and Inoue 1999) . The water index (WI), calculated as R 900 :R 970 , although correlated with the plant water content and crucial for leaf expansion, photosynthesis and growth, was used to calculate the WI/NDVI, which is a better indicator of hydric status (Peñuelas and Inoue 1999; Peñuelas et al. 1997) . All these physiological traits, related to the foliar physiology, are main determinants of the growth and survival of plants (Chaerle and Van Der Straeten 2000) Chlorophyll fluorescence
These measurements were taken on the adaxial side of the same leaves used to record leaf reflectance spectra, with a portable pulse amplitude-modulated fluorometer (Mini-PAM; Heinz Walz, GmbH, Effeltrich, Germany). The effective quantum yield of Photosystem II (PSII) (Φ PSII ), was calculated as
m where ¢ F m is the maximum fluorescence emitted by an illuminated leaf after a saturating pulse, and F t is the basal fluorescence emission at a given photosynthetic photon flux density. In order to make comparable Φ PSII values from the different provenances and to avoid possible photoinhibition in the northern populations, Φ PSII was measured at 500 μmol m 2 s 1 of photosynthetic active radiation. According to Markos and Kyparissis (2011) , at 500 μmol m 2 s 1 , the gross photosynthetic rate of A. unedo from Greece populations is about the 81% of the maximum gross photosynthetic rate. This parameter, Φ PSII , measures the proportion of the light absorbed by the chlorophylls that is used in photochemistry (Genty et al. 1989) . Φ PSII therefore provides information about the efficiency of excitation energy capture by PSII reaction centres and it has been found to be directly correlated with radiation use efficiency (Maxwell and Johnson 2000; Roháček 2002 ).
The maximum quantum yield of PSII (F v /F m ) was determined as (F m − F 0 )/F m , where F m and F 0 are respectively the maximum and the basal fluorescence emission in dark-adapted samples (i.e. in which all PSII reaction centres are fully open). Leaves were dark adapted for 30 min before the F v /F m was measured by using dark leaf clips (Heinz Walz, GmbH). F v /F m was found to be linearly correlated with the photosynthetic activity of thylakoids, as it estimates the efficiency of capture of the excitation energy by open PSII reaction centres (Krause and Weis 1991) . Therefore, F v /F m represents the maximum potential efficiency (after dark adaptation) in the photochemical use of the photon energy.
Gas exchange parameters
Photosynthesis rate (µmol CO 2 m −2 leaf area s −1 ), stomatal conductance (mmol m −2 s −1 ) and transpiration rate (mmol
were measured in situ, in one new, fully expanded leaf per plant, using a portable infrared gas analyser (LI-6400XT; Li-Cor, Lincoln, NE, USA). The selected leaves filled the entire area of the camera of the gas analyser. The instantaneous water use efficiency of photosynthesis (mmol CO 2 /mol of H 2 O) was obtained by calculating the ratio photosynthesis rate/transpiration rate. All these parameters, which have been related to plant fecundity and survival (Arntz et al. 2000) , were measured after 4 or 5 min for stabilization, which was checked by inspecting the graphical display of the temporal variation in gas exchange parameters.
The instrument settings for all measurements were as follows: air flow through the chamber was 500 mmol s −1 , CO 2 mixer was set to 400 µmol mol −1 , photosynthetic photon flux density incident on the leaf was fixed to 500 µmol photons m −2 s −1 . Mean temperature was 29.86°C (±0.22 SE), and vapour pressure deficit was 3.03 kPa (±0.07) for LW and 2.57 kPa (±0.07) for HW. To improve the accuracy of the measurements, we matched the LICOR-6400 XT analysers every 30 min. Soil moisture was 6.06% (±0.61) for LW and 33.90% (±0.84) for HW.
Structural traits
All plants were harvested after 4 months growth under the experimental water treatments. At harvest, each plant was separated into roots, stems and leaves. The roots were washed to remove the soil, and the roots, stems and leaves were then dried in an oven at 40°C to constant weight. Each plant part was then weighed separately to the nearest 0.0001 g (Mettler AJ100, Switzerland). As root and shoot biomass perform essential functions for the plants, including absorption, structural support, storage and reproduction (Mokany et al. 2006) , we also assessed biomass allocation patterns by calculating root/shoot ratios, where shoot is stem + leaf dry weight. Root/shoot ratios have been found to respond to variations in precipitation, temperature and forest stand height (Mokany et al. 2006) .
Data analysis
The effects of provenance and water treatments (betweensubject effects) and time (within-subject effect) on physiological plant traits were assessed by two-way repeated-measures ANOVA. According to Mauchly´s test, the data did not satisfy the assumption of sphericity, and therefore, the GreenhouseGeisser procedure was used to correct the degrees of freedom of the F values.
A two-way ANOVA was used to analyse the effects of provenance (seven levels) and water availability (high vs. low irrigation) on plant dry weights and root/shoot ratio. In order to satisfy the conditions of normality and homoscedasticity, root, leaves, stem and shoot dry weights were transformed using the hyperbolic sine transformation or the logarithmic transformation (for root/shoot ratio).
The PPI (Valladares et al. 2000) was used to determine the degree of phenotypic plasticity for each trait and provenance. The PPI was calculated as (maximum mean − minimum mean)/maximum mean, where the numerator is the difference between the mean values of the trait for the two water treatments and the denominator is the mean value of the trait for the water treatment with higher value for the trait. For the physiological traits, we averaged the PPIs for the two dates. To estimate differences in the plasticity between provenances, we calculated the PPI per provenance by averaging the 14 PPI values of each provenance. Finally, we calculated the PPI for each of the four groups of traits considered: (i) reflectance traits (CHL, PRI, NDVI and WI/NDVI) (ii) fluorescence traits (F v /F m and Φ PSII ); (iii) gas exchange parameters (photosynthetic rate, stomatal conductance, transpiration and WUE); and (iv) structural traits (root, leaves, stem and shoot dry weights and root/ shoot ratio). Differences in phenotypic plasticity between provenances and types of traits, and also to compare the soil moisture between water treatments, were analysed by one-way ANOVA. All statistical analyses were carried out with the IBM SPSS Statistics V.22 package (Armonk, NY, USA).
RESULtS
Physiological traits
Provenance significantly affected NDVI and WI/NDVI (Table 1; supplementary Figure S1 ). The Φ PSII (Table 1 ) and all the gas exchange traits (Table 2 ) increased under well-watered conditions. The chlorophyll content (expressed as CHL) and the dissipation of excess of radiation (determined as PRI) were significantly higher under water stress conditions (Table 1) , as was the water use efficiency (Table 2 ). All physiological traits varied significantly over time, but the differences between water treatments depended on time only for photosynthesis and transpiration.
Structural traits
Root biomass was the only structural trait affected by provenance (Table 3 ; supplementary Figure S2 ). On the other hand, root, shoot, leaves, stem and root:shoot biomass were significantly higher in well-watered plants (Table 3) .
Plasticity
Structural traits, with values for the phenotypic plasticity index ranging from 0.149 to 0.567 (mean = 0.447) ( Table 4 ; Fig. 2 ), showed similar levels of plasticity as gas exchange parameters, for which the PPI values ranged from 0.254 to 0.574 (mean = 0.379). These two groups of traits exhibited substantially higher levels of plasticity than the fluorescence traits, with values ranging from 0.008 to 0.449 (mean = 0.115) and reflectance traits, with values between 0.016 and 0.067 (mean = 0.042). The PPI values were low for the root:shoot ratio (of the dry weight traits) and the value of the PRI index was high for the reflectance parameters. Results of ANOVA showed that provenance did not account for any significant variation in PPI values. However, this analysis reveals significant differences in plasticity between groups of traits (P < 0.001; data not shown), with biomass and gas exchange traits showing higher PPI values than reflectance and fluorescence traits (Fig. 2) .
DIScUSSION
The role of water as an essential factor for plant growth and survival in the Mediterranean biodiversity hotspot is matter of special interest due to the decreased rainfall Values lower than 0.05 but not in boldface were not significant after sequential Bonferroni correction. #Denotes higher values for low water treatment.
and increased temperatures that are predicted for this area (Giorgi and Lionello, 2008; IPCC 2013; Petit et al. 2005) . So far, some studies have described the consequences of drought in plants in terms of phenotypic plasticity, evolutionary adaptation and genetic canalization (Gimeno et al. 2009; Lamy et al. 2011; Ramírez-Valiente et al. 2010) , and some have evaluated plant responses based on physiological (Manes et al. 2006; Quero et al. 2006) and/or structural traits (Poorter et al. 2012; Werner et al. 1999) . However, none of these studies have considered species over a wide distribution range in which different climatic conditions may have led to different adaptive responses of plants, depending on their provenance (De la Mata et al. 2014; Ramírez-Valiente et al. 2010) . This, in turn, could affect the evolution of the distribution range of the species or the community structure (Lázaro-Nogal et al. 2013) .
Variability in structural and physiological traits in response to water availability
According to the expectations, we observed marked differences in the plasticity of the diverse traits, with structural traits showing similar plasticity to gas exchange traits but higher plasticity than fluorescence and reflectance traits. Thus, our results did not support the hypothesis that structural and physiological traits differ in the levels of plasticity. The observed effects of low water availability in decreasing root and shoot dry weights were expected, considering the well-known effect of water on plant growth in general (Pigott and Pigott 1993) and in A. unedo in particular (Ogaya et al. 2003) . Although increased root/shoot ratios have been interpreted as a mechanism for avoiding drought by maximizing water capture by roots relative to water loss through transpiration (Ludlow 1989) , we found the opposite, indicating Abbreviations: Root = root biomass, Shoot = shoot biomass, Root:Shoot = root biomass/shoot biomass. The effects of 'provenance' and 'water availability' were tested. Significant P values (<0.05), after sequential Bonferroni correction, are shown in boldface values. Values lower than 0.05 but not in boldface were not significant after sequential Bonferroni correction. Abbreviations: Photo = photosynthesis rate, Cond = stomatal conductance, Transp = transpiration rate, WUE = water use efficiency of photosynthesis. The 'provenance' and 'water availability' were tested as the between-subject effect and 'time' as the within-subject effect. Significant P values (<0.05), after sequential Bonferroni correction, are shown in boldface values. Values lower than 0.05 but not in boldface were not significant after sequential Bonferroni correction. #Denotes higher values for low water treatment. the non-optimal adaptation of the strawberry tree to drought regarding this trait. However, this poor adaptation may be compensated by conservative physiological behaviour. In fact, the Φ PSII and all gas exchange traits, except WUE, were adversely affected by low water availability, which is consistent with previous studies showing that the strawberry tree, under drought conditions, exhibit a conservative water use strategy, with control of the photosynthetic rate, conductance and stomatal regulation (Gratani and Ghia 2002; Gratani and Varone 2004) . The observed increased WUE in plants with low water availability confirms the conservative use of water in A. unedo plants in response to drought, as previously reported (Gratani and Ghia 2002) . In relation to the reflectance traits, we obtained some remarkable results. First, we observed a substantial increase in the PRI under LW conditions, which also showed one of the highest PPI among the physiological traits. This is consistent with previous results showing that dissipation of excess radiation through the xanthophyll cycle is an efficient mechanism to avoid photoinhibition during conditions of drought (Chaves et al. 2003) . Similar results have been observed in A. unedo (Baraldi et al. 2008; Munné-Bosch and Peñuelas 2004) , and the PRI has been proposed as a reliable water stress index for the strawberry tree (Thenot et al. 2002) . Likewise, we also observed the highest concentration of chlorophyll, as estimated by the CHL index, in plants with low availability of water. Some authors have reported that this high chlorophyll concentration could be explained as an osmotic response to water deficit (García-Valenzuela et al. 2005; Gupta et al. 2010) . That higher chlorophyll concentrations may have resulted from the shrinkage and limited expansion of leaves under water stress (Peñuelas et al. 1994) . However, this phenomena has not been observed previously in other water stress studies with A. unedo (Munné-Bosch and Peñuelas 2004) .
The PPI values were much higher for the structural and gas exchange parameters than for the reflectance and fluorescence traits. Previous studies have reported higher levels of plasticity in structural than in physiological traits and suggested that structural and physiological plasticity are negatively correlated due to their complementarity (Derner and Briske 1999) . In support of these observations, Hodge (2006) suggested that the investment made in increasing biomass can be more easily compensated over time than the cost of modifying the physiological traits. However, somewhat in contrast with these findings, we found that some physiological traits, such as the gas exchange parameters, displayed similar or even higher levels of plasticity than the structural traits. In a previous study in which we examined the levels of plasticity in A. unedo in response to nutrient availability (Santiso and Retuerto 2015) , we found that the same gas exchange parameters displayed much lower levels of plasticity than structural traits. Therefore, it seems that the level of plasticity for a trait depends on the environmental factor that is acting. Thus, the same trait (e.g. photosynthesis) can show high plasticity due to water variations and low plasticity due to variations in nutrient availability. That means that it is not possible to generalize about the relative levels plasticity of traits of different nature as the level of plasticity depends on the environmental factor that induces the plasticity.
Provenance variability
Our results showed a provenance effect for NDVI, WI/NDVI and root biomass (supplementary Figures S1 and S2 ), which might be related to local climatic characteristics. However, the variation in these traits was not related to provenance variations in precipitation or temperature, as shown by the ombrothermic diagrams (supplementary Table S1 ). This discards a strategy in response to drought and rather points to local adaptation to other environmental conditions prevailing in the provenances. In fact, in a previous research, Santiso and Retuerto (2015) demonstrated that A. unedo exhibited great plasticity in root biomass in response to soil nutrients. These results support the interpretation that the provenance differences in root biomass observed in our study could be reflecting adaptation to the particular soil conditions experienced by the plants from the different provenances. It is somewhat surprising that although root biomass varied among provenances, root:shoot biomass remained nearly constant. Similar results have been found by Sánchez-Vilas and Retuerto (2007) for Quercus ilex, another emblematic Mediterranean species. These authors interpreted that evolutionary pressures, more specifically, biomechanical and hydrodynamic constraints, could be acting to maintain allometric ratios at specific values.
Contrarily to our expectations, the different provenances of A. unedo did not differ in their strategies to response to drought, as observed in the mean PPI per population (supplementary Figure S3) . Thus, the predicted changes in water availability will not increase or decrease the survival possibilities of any particular provenance of this species. The common strategy is contrary to that suggested in some previous studies, which showed, under different climatic conditions, significant variation between different provenances of A. unedo (De la Mata et al. 2014; Vasques et al. 2013) . In fact, Vasques et al. (2013) reported that structural traits were better indicators of differences in drought adaptations between provenances of A. unedo than physiological variables and that the interpretation of physiological results should be assisted by morphological traits. Although we observed high PPI for the morphological traits, the provenance did not account for a significant amount of variance. On the other hand, other studies also reported low differentiation between sites in Mediterranean scrub communities (Zunzunegui et al. 2009 (Zunzunegui et al. , 2011 . Other evidence supporting the low variation between provenances in A. unedo is the demonstrated role of the stabilizing selection, both in morphological and in physiological traits, during the evolution of the strawberry tree .
The existence of canalization is also consistent with the low variation between provenances and represents a possible mechanism for the observed stabilizing selection. Canalization is a reduced expression of genetic variation at the level of phenotype (Wagner et al. 1997) , whose origin is a constraint on the genetic variance that could be originated under natural selection in order to stabilize the phenotype (Gibson and Wagner 2000) . In situations where the direction of the selection changes quickly, canalization may be favoured as it avoids the cost of continuous adaptations (Kawecki 2000; Le Rouzic et al. 2013) . In fact, several studies have highlighted the role of genetic canalization in the strategy of Mediterranean species (Lamy et al. 2011; Quero et al. 2008; Valladares et al. 2002) . In the particular case of A. unedo, canalization would enable the different provenances to have a homogeneous plastic response to water availability oscillations, thus avoiding the cost of adaptation to each local condition. However, despite the possible role of canalization and the demonstrated stabilizing selection, in A. unedo, most of the analysed traits, and especially structural traits, possess significant additive genetic variance, which is the raw material for genetic evolution . In addition, Santiso et al. (2016) have demonstrated a certain degree of gene flow among populations of A. unedo, which may favour a successful adaptive strategy. Consequently, the strawberry tree has significant potential to undergo genetic adaptation, which will be also determinant in the current scenario of climate change.
In conclusion, the high degree of plasticity in structural and in some important physiological traits of the strawberry tree in response to water availability strongly suggests that the species shows a high capacity to reduce water use and growth under conditions of drought and also possesses an effective mechanism for dissipating excess radiation. Surprisingly, although the provenances studied were growing far apart from each other under rather different climatic conditions, they consistently showed very similar levels of phenotypic plasticity and responses to water availability. This suggests that A. unedo has evolved a 'good saver' strategy, based on a high degree of plasticity. This plasticity is likely to be critical for the persistence of the species and a main determinant of its success over the wide range of environmental conditions in which it occurs and determinant for its future survival in new environments (Ghalambor et al. 2007) . Our findings are consistent with the previously reported stabilizing selection in the strawberry tree, and this strategy may be the result of a canalization event in A. unedo. However, according to previous studies carried out by our research group, the reduction in the genetic variance does not exclude a significant potential for genetic adaptation in A. unedo. Thus, A. unedo shows a conservative strategy with regard to water use, considerable phenotypic plasticity in structural and physiological traits and a significant evolutionary potential. All of these factors may be critical in determining the capacity of the species to withstand the ongoing environmental changes and to persist in the new arising scenarios. We therefore expect that this species will continue to play an important role in Mediterranean plant communities, although it is not particularly expectable an important increase in its density. Finally, we conclude that it is not possible to reach general conclusions about the plasticity of traits of different nature as the level of plasticity depends on the environmental factors that induce the variability. In this line, it would be convenient to perform new experiments taking into account the effect of other factors as light to further corroboration of our results.
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